We studied the allelic profile of CAG and CCG repeats in 61 Brazilian individuals in 21 independent families affected by Huntington's disease (HD). Thirteen individuals had two normal alleles for HD, two had one mutable normal allele and no HD phenotype, and forty-six patients carried at least one expanded CAG repeat allele. Forty-five of these individuals had one expanded allele and one individual had one mutable normal allele (27 CAG repeats) and one expanded allele (48 CAG repeats). Eleven of these forty-five subjects had a mutant allele with reduced penetrance, and thirty-four patients had a mutant allele with complete penetrance. Inter-and intragenerational investigations of CAG repeats were also performed. We found a negative correlation between the number of CAG repeats and the age of disease onset (r ¼ À0.84; Po0.001) and no correlation between the number of CCG repeats and the age of disease onset (r ¼ 0.06). We found 40 different haplotypes and the analysis showed that (CCG) 10 was linked to a CAG normal allele in 19 haplotypes and to expanded alleles in two haplotypes. We found that (CCG) 7 was linked to expanded CAG repeats in 40 haplotypes (95.24%) and (CCG) 10 was linked to expanded CAG repeats in only two haplotypes (4.76%). Therefore, (CCG) 7 was the most common allele in HD chromosomes in this Brazilian sample. It was also observed that there was a significant association of (CCG) 7 with the expanded CAG alleles (v 2 ¼ 6.97, P ¼ 0.0084). Worldwide, the most common CCG alleles have 7 or 10 repeats. In Western Europe, (CCG) 7 is the most frequent allele, similarly to our findings.
INTRODUCTION
Huntington's disease (HD) is a rare, progressive and fatal neurodegenerative disease characterized by a lack of motor coordination of both voluntary and involuntary muscles (choreic movements), personality disorders and progressive dementia. 1,2 HD usually manifests in patients between 35 and 55 years of age, 3, 4 and average life expectancy is 15 to 20 years after the onset of the disease. The prevalence of HD varies with ethnicity. HD prevalence in Asian countries, such as Japan and China, is below that in Caucasian populations of Western Europe. 5, 6 HD results from the mutation of the Huntingtin (HTT) gene, which is located on the short arm of chromosome 4 (4p16.3). The mutation occurs as a variation in the number of CAG repeats, located in the first exon of gene HTT, which encodes a polyglutamine track next to the amino-terminal region of the HTT protein. Normal alleles have fewer than 27 copies of the CAG trinucleotide. Mutable normal alleles have from 27 to 35 CAG repeats. The alleles with 36 to 39 CAG repeats have reduced penetrance and those with more than 39 copies of CAG show complete penetrance. HTT is expressed throughout the body in neuronal and non-neuronal cells. 7, 8 Interestingly, the supposed gain of toxic function of mutated HTT reaches only certain neural regions, such as the striatum and cerebral cortex. Despite many extensive experimental investigations, there are no prophylactic or curative treatments for HD. 9 The aims of this study were to investigate, at the molecular level, the CAG/CCG haplotypes in Brazilian individuals affected by HD and associated risk groups, to determine whether the number of CAG and CCG repeats correlate with the age of onset of symptoms and to perform intra-and intergenerational investigation of the CAG repeats.
Importantly, the investigation of the CCG region and CAG/CCG haplotypes is novel because it focuses on the previously uncharacterized Brazilian population. Furthermore, the ancestral origin(s) of the mutated gene in Brazilian patients has not been established and our results indicate that HTT mutations likely have more than one ancestral origin.
MATERIALS AND METHODS

Patient sampling
This is a descriptive transversal study of HD in Brazil. Sixty-one individuals, representing 21 independent families, participated in the survey. Participants were recruited from the Gaffrée and Guinle University Hospital outpatient Genetics Clinic (in Rio de Janeiro), the Huntington's disease Association in Brazil (members from the state of Rio de Janeiro) and the city of Ervália, in the state of Minas Gerais. All subjects were Brazilians from the South-Eastern Region, including the states of Rio de Janeiro (45.9%), Minas Gerais (39.3%), Espírito Santo (11.5%) and São Paulo (3.3%).
This study was approved by the Ethics in Research Committees of Gaffrée and Guinle University Hospital/UNIRIO (number 03/2009) and FAMINASMuriaé-MG (number 100331/0003). Subjects were included in the study if they presented clinical signs and symptoms typical of HD, as confirmed by a neurologist, and/or were considered at risk for developing HD. It is important to mention that those subjects who had an affected mother or father were considered to be at risk. All participating individuals or their legal guardians had to fill in and sign an informed consent form. Foreign and adopted individuals were excluded from the survey. A questionnaire was used to collect the participant data. The pedigree for each family was produced using the 2007 version of the GenoPro program (free online at http://www.genopro.com/) (results not shown). The HD alleles were classified by repeat length, according to the ACMG/ASHG statement. 10 It is important to mention that the data collected from normal subjects, who had only normal alleles (o27 CAG repeats), were used to construct pedigrees and calculate the frequency of each CAG allele (122 total alleles in 61 subjects). The data from normal individuals were excluded from the sample for further statistical analysis.
Genotyping
Genomic DNA was extracted from either peripheral blood (1-3 ml in EDTA) or mouth epithelial cells (swabs) using the Illustra blood genomic Prep Mini Spin kit (GE Healthcare, Little Chalfont, UK).
CAG and CAG-CCG analysis
Three primers (6 FAM -5 0 -TGGCGACCCTGGAAAAGCTGAT-3 0 (forward 1, HD1), 5 0 -GCGGTGGCGGCTGTTGCTGCT-3 0 (reverse 1, HD3) and 5 0 -CGG CGGCGGCTGAGGAAGCTG-3 0 (reverse 2, HD4)) were used to amplify the target DNA (CAG and CAG þ CCG polymorphic regions). PCR reactions contained 0 to 100 ng of DNA, 10 pmols of each primer, 6.25 ml of Promega GoTaq Green Master Mix (containing 1.5 mM MgCl 2 and 200 mM of each dNTP) and sufficient DNAse-free water to make the final volume (12.5 ml) of each reaction. Two distinct products were PCR amplified; one of the products was used to analyse the polymorphic CAG repeat region and the other product was used to analyse both the CAG and CCG repeat regions on phase. Thermal cycling conditions were 94 1C for 5 min; 35 cycles of 94 1C for 1 min, 59.1 1C for 1 min and 72 1C for 2 min; and 72 1C for 50 min. Allele profiles were determined on an ABI 3500 Genetic Analyser (Applied Biosystems, Foster City, CA, USA). The data were analysed using the GeneScan Analysis 3.7 and Genotyper 3.7 programs (Applied Biosystems).
CCG analysis
To genotype the CCG polymorphic region alone, and thus to validate the CAG-CCG analysis above, the following pair of primers was used (6 FAM -5 0 -AACAGCCGCCACCGCCGC-3 0 (forward 2, D4S3076662F) and 5 0 -GCGGCT GAGGCAGCAGCGG-3 0 (reverse 3, D4S3076748R)). PCR reactions contained 2 ng of DNA, 10 pmols of each primer, 6.25 ml of Master Mix (containing 1.0 mM MgCl2 and 200 mM of each dNTP) (Invitrogen, Life Technologies, Grand Island, NY, USA) and sufficient DNAse-free water to make the final volume (12.5 ml) of each reaction. Thermal cycling conditions were: 94 1C for 5 min; 35 cycles of 94 1C for 1 min, 72 1C for 3 min (the same temperature was used for primer annealing and extension); and extension was completed at 72 1C for 10 min. Allele profiles were determined on an ABI 3500 Genetic Analyser (Applied Biosystems). The data were analysed using the GeneScan Analysis 3.7 and Genotyper 3.7 programs (Applied Biosystems). Therefore, the sizes of CCG polymorphic regions were determined by two methods: the direct method using a pair of primers that spanned only CCG region (D4S3076662F and D4S3076748R) and the indirect one using three different primers that spanned CAG region (HD1 and HD3) and CAG þ CCG region (HD1 and HD4).
Statistical analysis
Univariate analysis of the data was performed. Mean (±standard deviation), median and proportions were calculated using the IBM SPSS Statistics software (version 14.0, Somers, NY, USA). The correlation between two variables was measured by 'Pearson's r' . Association between CCG alleles and size of CAG allele was performed using Woolf's method 11 with correction according to Haldane. 12 
RESULTS
We investigated the haplotypes of 61 individuals who were affected by HD or were at risk for HD from April 2009 to March 2011. Twentyone pedigrees were created using data collected during interviews. These 21 pedigrees included a total of 534 individuals; 197 individuals (36.9%) were clinically affected by HD and 337 (63.1%) were classified as at risk because they were the offspring of one affected parent and, therefore, had a 50% chance of inheriting the diseasecausing mutant gene.
The flowchart in Figure 1a shows the genotypes (number of CAG repeats) and the phenotypes at the time of the survey. The places of birth and residence of each subject with an abnormal HD allele are shown in panels b and c, respectively. All of the patients (n ¼ 46) were Brazilian, and they were born in the states of Rio de Janeiro (50%), Minas Gerais (32.6%), Espírito Santo (15.2%) and São Paulo (2.2%). At the time of the survey, 28/46 (60.9%) of these subjects lived in Rio de Janeiro, and 18/46 (39.1%) lived in Minas Gerais.
The age of onset of the disease varied from 18 to 56 years, with a mean of 41.7±10.1 years and a median of 43 years. At the time of our investigation, only 5 of the 46 patients with at least one expanded CAG repeat allele had no signs or symptoms of the disease. In 55.3% of the patients, the disease started before 49 years of age. One case of juvenile disease was found. That person had 49 CAG repeats and first showed symptoms of HD when he was 18 years old. Statistical analysis of the data showed a strong negative correlation (Pearson's r ¼ À0.84; Po0.001) between the age of onset of the disease and the number of CAG repeats ( Figure 2 ).
CAG alleles
Based on the molecular analysis, 13 subjects (21.31% of the total sample) were negative for CAG expansion consistent with HD and were thus classified as normal ( Figure 1a) . Two of the normal individuals had a mutable normal allele (27 CAG repeats).
On the other hand, 46 of the participants had at least one expanded CAG repeat allele. One of the forty-six patients had one mutable normal allele (27 CAG repeats) and one allele of complete penetrance (48 CAG repeats). Interestingly, this individual was born in Ervália, a city with a high prevalence of HD (results not shown). Her symptoms started when she was 28 years old. By contrast, another patient, who had the same mutant allele (48 CAG repeats) and one normal allele (14 CAG repeats), did not become symptomatic until he was 35 years old.
Of the 46 individuals with an expanded allele, 20 were male and 26 were female. Paternal and maternal inheritance of the expanded alleles occurred in 55.3% and 44.7% of the cases, respectively, based on the pedigree information and the molecular HD testing.
The length of the CAG expansion varied from 12 to 58 repeats in the 122 alleles tested. The frequency of each allele in our sample is shown in Figure 3 . Among 13 subjects with only normal alleles, 4 were homozygous for an allele bearing 15 CAG repeats.
In the heterozygous subjects (n ¼ 46), who each had at least one expanded allele, the normal alleles contained 12 to 26 CAG repeats, with a mean of 16 ± 3.3 and a median of 15. No subjects were homozygous for an expanded CAG repeat allele. As mentioned before, only one of the subjects had one completely penetrant expanded allele and one mutable normal allele.
In this study, the mutable normal alleles had 27 CAG repeats, and the expanded alleles had 37 to 58 CAG repeats (mean value 42.5±4.4). In 50% of the cases, the expanded allele had 41 or more CAG repeats. In the sample group, 2 individuals (4.1%) had mutable normal alleles bearing 27 CAG repeats; 11 (23.0%) had alleles of reduced penetrance (37 to 39 CAG repeats); and 35 (70.8%) had alleles of complete penetrance (439 CAG repeats). The shortest expanded allele that caused a disease phenotype had 37 CAG repeats, and the longest had 58 repeats. At the time of the investigation, three carriers of completely penetrant alleles had not shown any signs or symptoms of HD. On the other hand, all of the carriers of a reduced penetrance allele showed signs or symptoms of the disease.
CCG alleles
Another polymorphic region containing CCG trinucleotides is found 12 bp away from the CAG region. This region was also analysed in the 21 families described above. The number of CCG repeats of HD chromosomes varied from 6 to 10 (mean 7.5 ± 1.2) (Figure 4 ). The sizes of CCG polymorphic regions were determined by two methods as described in Materials and methods. The results of CCG genotyping with both strategies were consistent.
Repeats of seven CCG trinucleotides were found in 78.7% of the sample. The CCG alleles linked to the expanded CAG alleles, had 6, 7, 8 or 10 CCG repeats (mean 7.1±0.7), and 40/46 (86.9%) of these alleles had seven CCG repeats (CCG) 7 . Statistical analysis of this data showed that there is no correlation (Pearson's r ¼ 0.06; Po0.001) between age of onset of the disease and the number of CCG repeats. Eighteen of the twenty-one families had CCG tracks of the same size; fifteen had seven CCG repeats (CCG) 7 , one had eight repeats (CCG) 8 , and two had ten repeats (CCG) 10 . Three of the twenty-one families had different CCG alleles within the family; two families had (CCG) 6 and (CCG) 7 alleles, and one family had (CCG) 7 and (CCG) 8 . Of the families that lived in Rio de Janeiro state (n ¼ 17), 13 had (CCG) 7 , 3 had (CCG) 10 and 1 had (CCG) 8 . The four families from Ervalia had (CCG) 7 alleles, but three of them had at least one member who carried a CCG allele with ± 1 CCG repeat. Haplotype analysis DNA haplotypes were determined using primers that spanned tracts of CAG and CCG trinucleotides. One pair of primers that spanned only the CCG repeats was used to validate the results. The sizes of both the CAG and the CCG repeats in the HTT gene and frequency of each allele were analyzed in normal and HD chromosomes. Altogether, 40 different haplotypes were found in the 122 analyzed chromosomes (Table 1) . Among the normal and the HD chromosomes, 22 and 18 different haplotypes were found, respectively. The most common haplotype of HD chromosomes was (CAG) 40 -(CCG) 7 , which represents 15.22% of the HD chromosomes. Another common haplotype was (CAG) 39 -(CCG) 7 , which occurred in 13.04% of the HD chromosomes. The (CAG) 42 -(CCG) 7 haplotype was observed in 10.87% of the HD chromosomes. Analysis of the CAG-CCG haplotypes revealed that the HD-expanded CAG repeat alleles were linked to alleles with 6, 7, 8 or 10 copies of the repeat. Specifically, 3, 40, 1 and 2 HD-expanded CAG repeat alleles were linked with (CCG) 6 , (CCG) 7 , (CCG) 8 and (CCG) 10 , respectively. In normal chromosomes, the (CAG) 15 -(CCG) 7 and (CAG) 15 -(CCG) 10 haplotypes were the most common, representing 34.21% and 13.16% of all normal samples, respectively. CCG 7 was the most common allele in both the HD and normal patients.
In normal chromosomes, the (CCG) 7 and (CCG) 10 alleles were associated with, on average, 17.6±3.94 and 15.52±1.57 CAG repeats, respectively. In HD chromosomes, the (CCG) 7 and (CCG) 10 alleles were associated with, on average, 42.52 ± 4.52 and 39.5 ± 2.12 CAG repeats, respectively.
Considering only the (CCG) 10 allele, our haplotype analysis showed that (CCG) 10 was linked to a CAG normal allele (o36 CAG repeats) in 19 haplotypes (90.48%) in a sample of 21 chromosomes.
Considering only the (CCG) 7 allele, 41.7% (n ¼ 40) of haplotypes had (CCG) 7 linked to an expanded CAG allele (435 CAG repeats) and 58.33% (n ¼ 56) had (CCG) 7 linked to a normal CAG allele (o36 CAG repeats) in a sample of 96 chromosomes.
Considering (CCG) 7 and (CCG) 10 alleles in haplotypes harboring the expanded CAG repeats, we found that (CCG) 7 was linked to expanded CAG repeats in 40 haplotypes (95.24%), and (CCG) 10 was linked to expanded CAG repeats in only two haplotypes (4.76%). We found a significant association between expanded CAG alleles and (CCG) 7 (w 2 ¼ 6.97, P ¼ 0.0084). There was an association of 74% between DH-expanded alleles and the size of CCG alleles ((CCG) 7 and (CCG) 10 ), with odds ratio of 5.59.
The mean age at HD onset was 43.28 years in individuals where the (CCG) 7 allele was associated with the expanded CAG repeat (n ¼ 32). In two HD patients with (CAG) 41 -(CCG) 10 or (CAG) 38 -(CCG) 10 haplotypes, the ages at onset of the disease were 53 and 50 years, respectively.
Inter-and intragenerational investigation of CAG repeats
In eight of the twenty-one families studied, at least two individuals were molecularly tested. These eight families were used for the intragenerational survey ( Figure 5 ). The intragenerational investigation of expanded CAG repeat alleles in siblings showed a variation from 0 to 5 CAG repeats, compared with the parental allele.
From these eight families, only four pedigrees were used for the intergenerational investigation because the molecularly tested subjects were parents and children. In these families, there were two paternally inherited and two maternally inherited expanded CAG repeats. In total, mothers transmitted three alleles with extra CAG repeats and one allele with fewer CAG repeats. By contrast, fathers transmitted four alleles with extra CAG repeats and no alleles with fewer CAG repeats.
In four cases of intergenerational transmission from the mother, we found that three individuals had extra CAG expansions and one individual had a contraction. Our intergenerational analysis showed that the number of CAG repeats increased from 1 to 8 between parent and child, with a mean increase of 2.75±2.63 repeats. Maternally inherited CAG repeat expansion was found in three sons and one daughter. On the other hand, paternally inherited CAG repeat expansion was found in two daughters and two sons. Two families showed a wider range of variation in the overall number of CAG repeats transmitted paternally. In the first of these two families, the father, who had 39 CAG repeats, transmitted alleles with 40 ( þ 1), 41 ( þ 2) and 42 ( þ 3) CAG repeats to his children. In the second family, the father had 38 CAG copies and transmitted an allele with 46 CAG repeats ( þ 8) to his offspring.
DISCUSSION
The rural city of Ervalia, in the state of Minas Gerais, has a high prevalence of HD (results not shown) because, historically, it was a place of social refuge for people with the disease and their families, who migrated in from more developed neighboring cities. As a result, the individuals in affected families who had immigrated to Ervália married within the community, without any genetic counselling; this led to the high prevalence of the disease. It is important to mention that, in the past, many patients from Ervália were misdiagnosed with Alzheimer's and Parkinson's disease, which contributed to misinformation among the risk group and led to an increase in cases in the city. The clinical variability of the signs and symptoms of HD demands genetic investigation at molecular level for a definitive diagnosis. Furthermore, unstable expansions of CAG tracts have been found in a growing number of autosomal dominant degenerative disorders, including Kennedy disease and six types of autosomal dominant spinocerebellar ataxia (SCA): SCA1, SCA2, MJD/SCA3, SCA6, SCA7 and DRPLA. 13 It is very difficult to define the smallest number of CAG repeats that cause the disease. Some authors consider alleles that bear 27 to 35 CAG repeats to be normal and non-mutable. [13] [14] [15] These facts have generated confusion about the size of alleles responsible for causing HD.
Furthermore, it is known that somatic instability, which can lead to mosaicism of CAG repeats, can account for the HD phenotype in subjects carrying alleles with less than 36 CAG repeats. 16, 17 Clinical symptoms are always found in individuals with more than 39 CAG repeats. Thus, these alleles are classified as completely penetrant. 10 The longest CAG repeat found by Seneca et al. 18 was the repeat with 214 CAG copies. Nance et al. 19 reported an individual with juvenile-onset HD who had 250 CAG repeats. This patient had a maternal history of HD, but the mother's allele could not be determined because a DNA sample was not available.
In 2000, one survey of Brazilian HD patients showed that the normal alleles had 14 to 30 CAG repeats (mean ¼ 18; median 17) and the expanded alleles had 39 to 88 repeats. 14 Another survey of Brazilian patients found that the expanded alleles had 43 to 73 CAG repeats. 13 Both the normal and the expanded alleles encountered in our investigation had fewer CAG repeats than those reported in previous Brazilian surveys. 13, 14 Although these three investigations focused on Brazilian populations, three ranges of CAG repeat sizes were found, which may reflect a sampling bias. However, it is important to mention that Brazil is a country of continental size and its five demographic regions (North, Northeast, Southeast, South and Central West) have populations with diverse origins, including Europe, Asia and Africa. Therefore, differences among the populations of distant geographic regions are expected. However, a larger sample size would be necessary for a significant statistical interpretation of the differences found in this analysis. Additionally, results are complicated by the fact environmental factors can also interfere with the variability of HD clinical manifestations. 20 To our knowledge, this is the first investigation of the polymorphic CCG region and the CAG/CCG haplotypes in Brazil. The CCG polymorphic region may indicate the ancestral origin of the expanded CAG repeat allele that causes HD, 21 given that they are located in the same chromosomal region, only 12 bp apart. Each ethnic population shows a predominance of a certain number of CCG repeats that can vary from 6 to 12 repeats, 22 with the exception of a case reported by Pramanik et al., 23 in which four CCG repeats were identified.
The variability of the CAG allelic profile and the phenotypic aspects of HD in different populations have already been correlated with differing numbers of CCG repeats. 15 We found that all of the chromosomes harboring HD-expanded CAG repeat alleles had CCG alleles with 6, 7, 8 or 10 repeats and the most common allele was (CCG) 7 (Table 1) . However, (CCG) 6 appeared in only two families that also showed (CCG) 7 . In one of these families, an affected father who had a HD chromosome harboring (CCG) 7 had two affected daughters and one affected son, who had (CCG) 6 , (CCG) 7 and (CCG) 7 alleles on their HD chromosomes, respectively. These findings may indicate an intergenerational contraction of (CCG) 7 to (CCG) 6 in one daughter. The second family was not informative concerning the contraction, because the affected subjects were a pair of cousins whose parents had already died and were not tested.
Another family showed one affected subject with HD chromosome harboring (CCG) 8 , who was a cousin of three brothers who had only (CCG) 7 on their HD chromosomes. Their mothers were affected sisters, as well as their maternal grandfather. The three brothers' mother had a (CCG) 7 on her HD chromosome but the (CCG) 8 affected man's mother had died and was not tested. Therefore, we may only suspect that (CCG) 8 was an expansion of one CCG unit from (CCG) 7 within this family. Worldwide, the most common CCG alleles have 7 or 10 repeats. In Western Europe, (CCG) 7 is the most frequent allele. In populations with lower prevalence of HD, such as those of Japanese and African descent, the most prevalent allele is (CCG) 10 . 15, 24 The potential correlation between the polymorphic CCG region and the age of onset of the disease is controversial. According to Panegyres et al., 25 who studied an Australian population, the CCG region does not correlate with the age of onset of HD, the neurological symptoms or the number of CAG repeats. On the other hand, Chattopadhyay et al. 26 found that, in an Indian population, variation in the length of the CCG region was responsible for 3.1% of variation in the age of onset of the disease. We found no correlation between the number of CCG repeats and the age of onset of the disease (r ¼ 0.06). By contrast, we found a significant negative correlation between the number of CAG repeats and the age of onset of the disease (r ¼ À0.84; Po0.001). This is consistent with other data in the literature, such as those of Wexler et al. 20 (r ¼ À0.6; P ¼ 0.0001).
According to Costa et al., 27 it is possible that the haplotypic environment of the CAG repeats in the HTT gene is of great importance in regard to the evolution and the origin of newly expanded chromosomes. In our study, the mean number of CAG repeats was higher in the normal chromosomes containing seven CCG repeats than in those with 10 CCG repeats. Furthermore, the association of CAG repeat size with (CCG) 7 in the HD chromosomes was very similar to that in the normal chromosomes. Similar results were also found in a Portuguese population. 27 In our sample, as in others, 22, 23 the (CCG) 6 and (CCG) 8 alleles were rare. In Portuguese, Indian and Japanese populations, 23, 27, 28 multiple CCG alleles were associated with expanded CAG repeats within individual families. These findings suggest that one mutational event may have led to these differences in the number of CCG repeats. 29 The allelic diversity of CCG repeats is much lower than that of CAG repeats, indicating a lower overall mutation rate. 30 An intergenerational Brazilian study 14 found that five CAG alleles had a greater number of repeats (new expansions) and were inherited paternally, and two new expansions were inherited from the mother. On the other hand, only one CAG allele had fewer repeats (new contraction) and was inherited maternally. In two cases, the alleles did not vary intergenerationally. 14 In our study, the transmitted CAG alleles had a mean change of 2.75 CAG repeats. This change is higher than that found in a previous study conducted in Venezuela, where the mean intergenerational change was 1.27 repeats. 31 However, these two estimates are not significantly different because of the relatively large standard deviations. In our survey, the mean size of the paternally inherited CAG alleles was 42.25±2.6 repeats. A similar result was found in the Venezuelan kindred study, 31 which showed a mean value of 44.4 CAG repeats.
The variability in the size of the transmitted CAG repeats was also investigated by Wheeler et al. 31 in Venezuela relative to the gender of the siblings. In our study, the maternal transmission of longer expanded alleles was more frequently observed in sons than in daughters. These results are similar to that reported by Wheeler et al. 31 We found that a greater variation in number of CAG occurred when the HD allele was paternally transmitted, and the only repeat contraction occurred when the mutation was maternally transmitted to a son. Wheeler et al. 31 observed a greater number of repeat contractions when the allele was transmitted from mothers to daughters.
Other studies, 31, 32 which looked at additional expansion of CAG repeats within a generation (intergenerational studies), showed that there is a significant difference between the maternal and paternal inheritance of alleles with large CAG repeat expansions (Po0.0001). Specifically, they found that fathers transmit longer expanded alleles more often than mothers do. On the other hand, repeat contractions are more frequently inherited from the mother. 31, 32 It is believed that the founding mutation for HD occurred in Western Europe and spread to other regions as a result of migration. In Western Europe, the (CCG) 7 allele is predominant, and therefore, it has been hypothesized that independent mutational events led to variations in the number of CCG repeats. 33, 34 The mutational bias model for the evolution of HD predicts an ever-increasing incidence of HD. 30 This model says that the allele frequency distributions we see today are not endpoints but a snapshot in an on-going process of gradual expansion. According to the model, the incidence of HD will accelerate because mutation towards detrimental repeat lengths happens over the course of several generations. 30 Rubinsztein et al. 30 have speculated that single repeat units are gained and lost with equal frequency but that larger blocks are more likely to be gained rather than lost. This would provide a possible mechanism to link mutational bias, mutation rate and length dependency. 30 Haplotype analysis demonstrated that certain normal chromosomes, with CAG lengths at the high range of normal, are prone to further expansion and eventually result in HD chromosomes. Analysis of normal chromosomes in different populations suggests that genetic factors contribute to CAG expansion and account for the worldwide variation in HD prevalence. 35 In conclusion, the investigation of the CCG region and CAG/CCG haplotypes in this study were important because they focused on the Brazilian population, an understudied group. The expansion of CAG repeats was predominantly associated with the CCG 7 allele. However, a more robust investigation, in conjunction with immigration and ethnic origin data, will be required to elucidate the ancestral origin of the HTT gene in Brazilians.
